Abstract-This paper presents a low phase noise of the complementary cross-coupled voltage-controlled oscillator, which oscillates at a range of 3.64 -5.37GHz. This VCO utilizes switching capacitor modules in which eight channels are able to be selected. Moreover, MOS varactors are used as fine tuning. The fully integrated VCO provides excellent performance. The bandwidth of frequency is 1.73GHz and the tuning range is 38%. The power dissipation of the core circuit is 13.7mW under 1.8V supply and phase noises all are smaller than -122dBc/Hz at lMHz offset. This VCO was made by TSMC 0.18pm 1P6M CMOS standard process and the chip area is 0.96 x 0.83 (mm2).
INTRODUCTION
As far as indoor wireless communication is concerned, the bandwidth of UWB is from 3.1 to 10.6 GHz. The characteristic of UWB (Ultra-Wideband) hinges on impulse. Therefore, UWB needs a larger radiant bandwidth and reduces power consumption substantially. The integrated LC VCO is common function block in wireless communication system. Carrying out VCO with multi-band and wide-band is the current trend [1] - [6] . An excellent VCO includes the accurate frequency, wide tuning range, low phase noise, and low power consumption. The methods of increasing tuning range are as follows, switching inductors, variable inductor [1] , switching capacitor modules [3] , varactors in parallel [4] [5] and capacitive source degeneration [6] . This VCO adopts switching capacitor modules because of its wide tuning range.
It is well-known that from the Lesson's model the singlesideband power spectral density is given by [7] :
Where FKT is the effective thermal noise with the multiplicative factor F, Boltzmann's constant K, the absolute temperature T; Ps is the average power dissipated in the resistive part of the tank; Ato is the offset frequency; QL is the effective quality factor of the tank and is dominated by quality factor of spiral inductor; w0 is the center frequency and W]lf3 is the corner of the flicker noise. The model describes well the shape of the spectrum.
In section II, we describe circuit topology. The frequency setting is determined by LC tank. A 0.84 nano-henry spiral inductors is implemented in this chip. We constructed the parameters of Si-substrate and the circuit models of inductors. The inductor has a quality factor approximately 11 over the working frequency range. Inductance and quality factor of the inductor are shown in Fig.2 The capacitance range of MOS varactor is wider than junction varactor and the equivalent series resistance of the former is smaller than that of the latter. Because NMOS varactor doesn't lie in P-well, NMOS varactor is apt to be disturbed in substrate. The concentration of dopant in N-well is bigger than that in P-bulk, which reduces interference as far as PMOS varactor is concerned. In view of this, we adopted PMOS varactor. C 1. Same current existing, the complementary cross-coupled pair offers higher transconductance and faster switching speed on each side.
2. The rise-time and the fall-time are more symmetrical on each other, as debate the noise which comes from low frequency noise, if, transferring to high frequency.
3. In all NMOS pair, the channel voltage is higher, which cause faster saturation speed and higher y value.
As shown in Fig. 1 inversion to accumulation reduces its intrinsic 1/f noise [9] . Switched biasing can be useful in many circuits, especially in cases where upconversion of noise ifoccurs [9] . The tail current is replaced by memory-reduced tail transistors, as shown in Fig.4 Table I . Table I shows that each channel works well and the current of each channel is almost the same, which means that the circuit operates in high stability within switching operation. Therefore, we may well say that the usage of switching capacitor modules is a good way to design the wide-band VCO.
C. loss ofpower dissipation * Setting the DC supply from 1.37V to 1.8V and S2S1S0 = "111", we attained 1.8V x 15.8mA = 28.5mW. When DC supply is equal to 1.37V, the proposed VCO still works at low power dissipation, 5.7mW.
*
Disconnecting two loads, we get the core power dissipation, 13.7mW at DC supply 1.8V. 
